About 15% of one-year-old infants in non-clinical, lowrisk and up to 80% in high-risk (eg maltreated) populations show extensive disorganized attachment behavior 1,2 in the Strange Situation Test. 3 It has also been reported that disorganization of early attachment is a major risk factor for the development of childhood behavior problems. 4 The collapse of organized attachment strategy has been explained primarily by inappropriate caregiving, but recently, the contribution of child factors such as neurological impairment 5 and neonatal behavioral organization 6 has also been suggested. Here we report an association between the DRD4 III exon 48-bp repeat polymorphism and attachment disorganization. Attachment behavior of 90 infants was tested in the Strange Situation and they were independently genotyped for the number of the 48-bp repeats by polymerase chain reaction (PCR). The 7-repeat allele was represented with a significantly higher frequency in infants classified as disorganized compared to non-disorganized infants: 12 of 17 (71%) vs 21 of 73 (29%) had at least one 7-repeat allele ( 2 = 8.66, df = 1, P Ͻ 0.005). The estimated relative risk for disorganized attachment among children carrying the 7-repeat allele was 4.15. We suggest that, in non-clinical, low-social-risk populations, having a 7-repeat allele predisposes infants to attachment disorganization. Molecular Psychiatry (2000) 5, 633-637.
The first publications on association between DRD4 receptor III exon polymorphism and the adult personality trait, Novelty Seeking, 7, 8 were soon followed by reports demonstrating associations of the same polymorphism with pathological impulsive, compulsive behavior and substance abuse in adults [9] [10] [11] and attention deficit hyperactivity disorder (ADHD) in children. 12, 13 There is a growing body of evidence linking maladaptive behavioral problems in children (and extending into adulthood) with the 7-repeat allele of the DRD4 gene.
Early attachment between infant and caregiver has been considered essential for survival in the human species.
14 Attachment theory provided a widely used framework for explaining influences of early social experiences on normal and problematic development of personality. 15 Ainsworth and colleagues 3 devised an experimental procedure, the Strange Situation, and described marked individual differences in infants' coping with the stress elicited by the two brief separations from the caregiver. The three basic, coherently organized patterns of infant behavior after reunion (secure, insecure-avoidant, insecure-resistant, see Methods) have been regarded as adaptations to the experienced differences in caregiving. 16 About 15% of infants in non-clinical, low-risk and up to 80% in highsocial-risk (eg maltreated) populations were difficult to fit in the three established categories. These 'atypical' infants showed incoherent, contradictory behavior in the presence of the caregiver as if their behavioral strategy collapsed under the stress of the Strange Situation. A new organizational dimension of attachment behavior has been defined by Main and Solomon 1 who identified indices of disorganization of the basic patterns of attachment and constructed a scale of 'disorganized' (D) attachment status. Disorganized attachment was assumed to reflect the infant's experience of being unable to resolve anxiety. It was indeed found that, in the Strange Situation assessment, D infants showed significantly greater cardiac activity and elevation of salivary cortisol level, 17, 18 indicating more intense negative arousal.
Attachment disorganization has been supposed to be specifically related to the infant-caregiver relationship, but recently there has been intense discussion about the role of child factors in the etiology of type D behavior in clinical and non-clinical populations. 19 Neurological impairments 5, 20, 21 were shown to increase the incidence of disorganized attachment behavior and, in non-clinical populations, poor neonatal orientation and emotional regulation predicted later D status. 6 The dopamine D4 receptor gene can be considered as a candidate gene for attachment disorganization because: (1) the mesolimbic dopaminergic system is engaged in attentional, motivational and reward mechanisms; (2) the DRD4 receptor shows preferential expression in cortical and limbic regions involved in cognitive and emotional processes; (3) Ebstein et al 22 and Auerbach et al 23 recently reported an effect of the DRD4 receptor gene on neonatal and infant temperament.
The present study is part of the longitudinal Budapest Infant Parent Study (BIPS), 24 in which infant development has been followed from birth. Infants' Infants were genotyped for the 48-bp repeat polymorphism in the third exon of the DRD4 gene, blind to the attachment status. In agreement with data for other mixed European and Caucasian populations, 25 ,26 the 4-repeat allele was represented with the highest frequency, followed by the 7-repeat allele. Table 2 lists the frequencies and percentages of the 2-10 repeat alleles; genotype frequencies in D and non-D groups are shown in Table 3 . The main genotypes (2/2, 2/4, 2/7, 4/4, 4/7 and 7/7) were in Hardy-Weinberg equilibrium ( 2 = 0.87, df = 5, P Ͼ 0.95). Presence or absence of the 7-repeat allele was investigated in the groups of D and non-D infants. As shown in Figure 1 , at least one 7-repeat allele was observed Regarding allele frequencies in the D group, the 4-repeat allele was still the most frequent variety (56%), followed by 41% 7-repeat and 3% 2-repeat alleles. No other allele variation was detected in this group. No extensive genotype correlation was tested for disorganization as the 4/7 genotype was identified in 53% of D infants (see Table 3 ), one child was a 2/7 heterozygote and two infants were homozygous for the 7-repeat allele. The five D children (29%) lacking the 7-repeat allele were all homozygous for the 4-repeat allele. In contrast with the D vs non-D comparison, the prevalence of the 7-repeat allele did not differ significantly when infants were alternatively classified in the three attachment security groups ( 2 = 4.32, df = 2, P Ͼ 0.10). For the classification procedure, attachment disorganization was first rated on an ordinal scale of 1 to 9 (see Methods). Thus, in addition to the comparison of the presence or absence of the 7-repeat allele in D and non-D infants (see Figure 1) , we could compare the distribution of the continuous D-scores in the 7 + and 7 − groups. The means (± SEM) for the two groups were 3.39 (± 0.49) and 1.99 (± 0.22), respectively. Since Dscores showed a highly asymmetrical distribution with 61% of infants scoring 1 (no disorganization), the nonparametric Wilcoxon-Mann-Whitney test was used for the comparison. D-scores were significantly higher in the group of infants carrying at least one 7-repeat allele (z = −2.22, P Ͻ 0.05).
The finding of our study suggests a genetic contribution to attachment disorganization in the non-clinical BIPS sample. Recently, different pathways to disorganized attachment have been considered 19 with both child characteristics and parenting behavior contributing to the etiology. In a meta-analysis combining results from nearly 80 studies, Van IJzendoorn et al 2 have concluded that within the normal, non-clinical range, insensitive parenting in itself does not lead to disorganized attachment. Spangler and colleagues 6 have argued for the role of individual characteristics in attachment disorganization in low-risk populations. They found that certain aspects of neonatal behavioral organization (orientation, emotional regulation) evaluated by the Brazelton Neonatal Behavior Assessment Scale 27 differentiated between infants with D vs non-D attachment status, but not between groups classified alternatively into securely, avoidantly or resistantly attached groups. The recently reported associations of newborn and infant temperament with the dopamine D4 receptor polymorphism 22, 23 also imply a potential genetic effect on attachment disorganization. A possible underlying mechanism explaining the link between disorganized attachment behavior and the presence of the DRD4 7-repeat allele would be related to reinforcement systems. The mesolimbic dopamine system has been proposed to control behavior motivated by reward and the dopamine level of this area is thought to be crucial in determining the motivational value of a stimulus. 28 A less sensitive D4 dopamine receptor 29 in this area, resulting in a blunted intracellular dopamine response, could reduce the motivational value of the returning mother and prevent the infant from organizing an appropriate response. 30 The prevalence of disorganized attachment is low in normal populations. The present, first evidence for association of the DRD4 receptor gene polymorphism with attachment disorganization is thus necessarily based on a relatively small sample. There is a need for independent replication in other non-clinical studies, and it might also be worth testing the association, as well as the possible existence of genotype-environment correlation and/or interaction, in high-risk populations. In our study, only about one third of the children with a 7-repeat allele showed disorganized Molecular Psychiatry attachment and there were infants with disorganized attachment, who did not have this allele. Ebstein et al 22 and Auerbach et al 23 observed an interaction between the DRD4 and the serotonin transporter promoter polymorphisms in influencing neonatal and infant temperament. A more detailed investigation of these polymorphisms in D and non-D children could be important in identifying further genetic and environmental factors leading to the collapse of organized attachment strategy.
In summary, we found that in a community sample of one-year-old infants, attachment disorganization was four times more frequent among children carrying at least one 7-repeat allele of the dopamine D4 receptor gene. The presence of this allele, we postulate, is one of the child factors underlying the disorganization of attachment behavior in low-risk, non-clinical populations.
Methods

Participants
The low-risk community sample of 103 middle-class families with healthy, full-term, first-born infants (BW Ͼ 2500 g) was recruited through maternity hospitals for participation in a longitudinal study of infants' social-emotional development. The sample was ethnically homogeneous, Caucasian, of Hungarian origin. Signed informed consent was obtained from the parents for participating in the whole study, and again from 90 parents separately for the present investigation. The remaining families either moved away by the time of the DNA sampling or the children refused to allow the collection of cheek cells. Distributions of sex and attachment categories in the participating and the 'drop-out' families did not differ significantly. The research protocol has been approved by the Institute of Psychology Ethical Committee.
Attachment classification
The 12-13 month-old infants and their mothers were videotaped in the Ainsworth Strange Situation. 3 This procedure consists of seven 3-minute episodes in which entrance of a stranger and two subsequent separations from the mother make the situation increasingly stressful for most infants. For highly distressed infants, the separation episodes were curtailed. Videotapes were evaluated for attachment security as described by Ainsworth et al 3 and for organized vs disorganized status as described by Main and Solomon.
1 Secure (B) attachment can be characterised by the infant's open communication of emotions and its ability to use the caregiver as a secure base for exploration. The two insecure attachment patterns: infants avoiding contact with the caregiver upon reunion and minimizing the expression of negative emotions under stress were termed avoidantly attached (A), whilst infants expressing intense negative emotions and wanting contact but unable to settle in the Strange Situation were classified as resistantly attached (C). (For the A/B/C classification, JG and IT were trained by Karin Grossmann, University of Regensburg.) The coding scheme for disorganized attachment behavior listed eg simultaneous or sequential contradictory behavior, misdirected, stereotypical movements, extended freezing, direct expression of fear in the presence of the caregiver. Each infant was rated on a 9-point scale and those with a Dscore Ն5 were classified as disorganized (D). (IT was trained in D rating by M Main, UC at Berkeley, and subsequently by E Carlson, University of Minnesota.) Disorganized status is normally assigned together with the best-fitting organized A, B or C classification depending on the underlying behavior pattern that has become disorganized. All our cases were control-coded for the A/B/C categories, and there was 93% agreement between JG and IT. Disagreements were resolved by discussion. Twelve difficult-to-code cases were kindly cross-checked for D classification and confirmed by independent experts from laboratories abroad. Agreement on D status was 92%.
Genotyping DNA was isolated by the phenol extraction procedure 31 from buccal epithelial cells collected by cotton swabs. 32 The number of the 48-bp repeats in the third exon of the DRD4 gene was determined by the polymerase chain reaction (PCR) technique, using the primers described earlier. 33 Great care was taken to avoid pseudohomozygosity, using parallel determinations of different DNA template concentration and substituting 50% dGTP by dITP. 34 All the genotyping was done blind to the attachment status in the Institute of Medical Chemistry, Molecular Biology and Pathobiochemistry, Semmelweis University.
